INTRODUCTION
In St. James's Church (Sussex Gardens, London, U.K.) there is a stained glass window, which shows Sir Alexander Fleming at work in his laboratory. Fleming's laboratory was located in the vicinity of this church, and it was there that he discovered the hactericida1 effects of penicillin.
This church window perhaps is an illustration of the almost religious role of medicine in our modern society. In any case, it shows a deep respect for the advances of medicine, which in the popular opinion has become a master of life and death.
The contrast hetween this popular opinion and the current scientific view of the effects of medical care on the health of populations is enormous. This is due to a large extent to the work of the late Thomas McKeown. His famous analyses of the history of mortality in England and Wales, which originally appeared in a number of journal articles, were summarized in 1976 in two hooks, of which The Role of Medicine--Dream, Mirage or Nemesis has heen very influential [I ,2] . In this hook he showed that the decline in mortalit) since the middle of the nineteenth century was the result main11 of a decline in mortality from infectious diseases. The latter decline for the most part antedated the introduction of specific medical therapies, including Fleming's penicillin.
From these analyses McKeown has drawn two conclusions, which both have generally heen accepted by the scientific community, particularly hy epidemiologists.
The first was that medical care has not made a substantial contribution to mortality decline since the middle of the nineteenth century. The second, and more far-reaching, conclusion was that today's health problems are also more likely to be controlled by changing the environment than hy medical care.
Since the publication of McKeown's findings important criticisms have been voiced, which together with more recent evidence suggest that some modifications of these conclusions may be necessary. The objective of this article is to review McKeown'a analysis and the more recent evidence, and to investigate whether the scientific opinion should or should not he reshifted a hit toward the popular opinion. Throughout this article data from The Netherlands, a country with abundant data of relatively high quality, are used as illustrations.
An earlier version of thlb paper was presrnred ac the Ho& Fh,undati(,n G>nference on "Tbc determmants <If he&h: prosperity, health and wellbeing, Tomnto, October 16-18, 1993." Accepted for puhllcatmn on 1 Aprd 1996.
THE PATTERN OF MORTALITY DECLINE AND MCKEOWN'S ARGUMENTS ABOUT THE ROLE OF MEDICINE
In all western countries life expectancy at birth has increased tremendously since the middle of the nineteenth century. This increase in life expectancy was caused by an unprecedented decline in mortality, which in the pre-McKeown era was generally ascribed to improvements in medical care [3] . McKeown's arguments against any important effects of medical care on this decline in mortality have the structure of a syllogism: the decline in mortality can he attributed to a decline in infectious disease mortality; no effective medical interventions were available against infectious diseases before the middle of the twentieth century; thus, most of the decline in mortality cannot he attributed to the introduction of effective medical interventions.
The first part of McKeown's syllogism was supported by the results from an impressive analysis of changes in cause-specific mortality in England and Wales between 1848/1854 and 1971. In this analysis it was shown that 74% of the reduction in total mortality was due to a decline in mortality from conditions attrihutahle to microorganisms. Among the latter, airborne infections such as respiratory tuherculosis and pneumonia made the largest contribution [1, 2] . Largely similar patterns of cause-specific mortality decline have been ohserved in other western countries [4-71. Table 1 illustrates  this for The Netherlands, where the earliest available data on mortality by cause of death apply to the years 1875/1879. A numher of specific infectious diseases accounted for 47% of the decline in mortality between 1875/1879 and 1970 among men, and 45% of the decline in mortality among women. Airhorne infections form the subgroup with the largest contribution.
In addition to these specific infectious diseases, some other causes of death that are distinguished in Table 1 are also of an infectious nature. Convulsions is an important example: deaths from convulsmns mostly occurred among febrile children. Puerperal fever, of course, also is an infectious disease. Finally, it is quite likely that a part of the mortality decline for the "other" causes, which included ill-defined conditions, was actually due to infectious diseases. The 45 to 47%) of Table  1 should therefore he raised hy some 20 to 30% in order to arrive at a more realistic estimate-an estimate that is also closer to that of McKeown [6, 7] .
The second part of McKeown's syllogism was supported by a detailed analysis of the moment at which effective medical interventions for each infectious disease became availahle. In McKeown's view, the advent of the sulfonamides and antibiotics in the 1930s and 1940s marked this point in time for a large majority of infectious "The percentage contribution of each cause of death te mortality decline was determined by subtracting the age-standardized mortality rate for that cause in 1970 from the age-standardized rate in 1875/1879. The difference was dtvided hy the total mortality decline over the same period, and multiplied by 100.
'ma, Not applicable.
diseases. McKeown has published a number of impressive graphs, in which it is shown that the decline in mortality from a specific infectious disease had already largely occurred when these drugs became available. There was only a small number of exceptions, for example diphtheria (antitoxin, late nineteenth century) and syphilis (salvarsan, early twentieth century) [ 1, 2] . F or some infectious diseases, immunization was a more important breakthrough than antibiotics, but most forms of immunization were introduced only in the 1940s and the 1950s. Smallpox was the only important exception [8, 9] .
In view of the importance of the timing of the decline in infectious disease mortality for McKeown's arguments, Table 2 presents some quantitative data for The Netherlands. For many infectious diseases mortality decline was concentrated in the period 1903 to 1930. Note that for smallpox and malaria, which had already declined as causes of death before 1875, the (remaining part of the) decline occurred almost completely before 1903. Only 19% of the decline in mortality from infectious diseases occurred in the period 1930 to 1950, and 4 to 5% in the period 1950 to 1970 [6] .
After his account of the contribution of medical care, McKeown turned to a consideration of other possible explanations of the decline in infectious disease mortality. He first discussed the possibility of a spontaneous change in the relation between infectious agents and human hosts. There is some evidence that a decreasing viruBy exclusion, McKeown considers a third possibility, a favorable change in the environment, as the most plausible explanation for the decline in infectious disease mortality.
McKeown considered two specific contributions to these changes: hygienic measures and rising standards of living. In his choice for the latter as the most important factor in mortality decline, the distinction between airborne and water-and foodborne infectious diseases played an important role. The classical hygienic measures from the second half of the nineteenth century (safe drinking water, sewage disposal) are not likely to have affected the airborne diseases, which made the largest contribution to mortality decline. Furthermore, McKeown argues that these hygienic measures cannot explain the start of the mortality decline, because they were effective only after ca. 1880, when mortality decline was already well underway.
After having discarded all these other possibilities McKeown concludes that a rise in living standards, particularly the associated improvements in nutritional status, have probably been the most important factor in mortality decline. It is important to note that no direct evidence in support of this conclusion is given by McKeown-he cites only some circumstantial evidence suggesting improvements in food supply [ 1, 2] .
THE DIRECT EFFECTS OF MEDICAL CARE ON THE HISTORICAL DEVELOPMENT OF MORTALITY: OTHER VIEWS
This section considers the criticisms of McKeown's conclusions regarding the direct effects of medical care on mortality.
Although the first antibiotics, as McKeown showed, arrived only when the largest part of the decline in mortality from infectious diseases had already taken place, a quantitative analysis of the associated changes in mortality does suggest that the impact as such was substantial. In The Netherlands, when one compares the trend in mortality from infectious diseases before the introduction of antihiotics with that in a period after the introduction of these drugs, one sees that for almost all infectious diseases mortality decline accelerated. Table 3 shows that this acceleration is particularly impressive for bacillary dysentery, scarlet fever, tuberculosis, syphilis, erysipelas, rheumatic fever, and puerperal fever. Whereas mortality from all infectious diseases together declined 4% per year before the introduction of antibiotics, it declined 10% per year after the introduction. In the analysis on which Table 3 is based, it was shown that for many infectious diseases there was not only a more permanent acceleration of mortality decline, but also an instantaneous, stepwise decrease in mortality coinciding with the introduction of antibiotics
Of course, although the observed changes in mortality are roughly coinciding with the introduction of antibiotics, a causal relationship is not necessarily implied. At least two other explanations should be considered: changes in the rate of improvement of living standards, and changes in the intensity and effectiveness of public health programs. However, time series data on the availability of food, on housing conditions, and on other correlates of living standards do not show accelerations of improvements after World War II in The Netherlands.
The other alternative explanation, public health programs, can apply only to tuberculosis. Pasteurization of milk was introduced in 1940 in The Netherlands, reducing the incidence of nonrespiratory tuberculosis. Mass radiography was introduced in -1903 1903-1930 1930-1950 1950-1970 1949, and the combined effects of early detection and effective treatment may have caused a considerable acceleration in tuhercuiosis incidence decline. Nevertheless, in the late 1940s and the early 1950s mortality from tuberculosis declined much faster than incidence in The Netherlands, suggesting that case fatality was also declining considerably, possibly due to the introduction of streptomycin and other antibiotics [lo] . Although antibiotics were certainly a very important factor in the history of the medical treatment of infectious diseases, it is not as certain as McKeown would like us to heiieve that they were the first effective medical intervention against infectious diseases. McKeown himself mentions a number of quantitatively unimportant infectious diseases for which other types of effective interventions were available hefore the middle of the twentieth century. Much more important is the question concerning whether improvements in medical care may have contributed to the decline in tuberculosis mortality Ill]. Unfortunately, evidence on the effectiveness of isolation of patients in sanatoria and on the effectiveness of contact tracing and dietary advice is lacking. To assume that ail these interventions have had no effect at ail is, of course, not a rational response to this lack of evidence. It is quite likely that these interventions did do some good-we just do not know how much. Because in this discussion quantification of effects is essential, it seemed useful to perform a sensitivity analysis of the direct contribution of medical care to the decline of mortality in The Netherlands, combining the data that were presented in Tables 1 and 2 with a number of assumptions on the effect of medical care on mortality from specific conditions (Table 4) . Forty-six percent of the decline in total mortality was due to a number of specific infectious diseases; only a small part occurred after the introduction of antibiotics, which has arbitrarily been fixed in 1946 (14%-this figure was estimated on the basis of more detailed data than were presented in Table 2 ). Table 3 showed that the rate of mortality decline for infectious diseases more than doubled after the introduction of antibiotics. How much of the decline after introduction of antibiotics was due to introduction of these drugs is difficult to say. It may he 60% (if one assumes that the prewar trends would have continued unchanged in the absence of antibiotics), hut it could also be more (if one assumes that the improvements in living standards had aiready reached their maximum effect hefore the war) or less. In Tahie 4 it is assumed that the lower limit of the contribution of medical care to the decline of infectious disease mortality after 1946 is 25%, and the upper hmit 75%. If we combine ail these figures, it would appear that the lower hmtt for the contribution of medical care to decline in total mortality between 1875/1879 and 1970 in The Netherlands, on the basis of the effects of antibiotics on specific infectious diseases, is 1.6%, and the upper limit 4.8%. This is, however, not the only direct contribution of medical care to the decline in mortality. Effects of interventions that were already available before the advent of antibiotics may have contributed to the decline in mortality from specific infectious diseases hefore 1946. Also, some infectious diseases are probably hidden in other causes of death. Furthermore, the effects of medical care were not hmited to the infectious diseases. Two other categories of causes of death for which medical care has probably contributed to the decline in mortality are diseases of the digestive system (improvements in surgery starting around 1930 have probably contributed to the decline in mortality from appendicitis [12] McKeown's conclusion about the predominant role of the rise in living standards, particularly improvements in nutritional status, in the explanation of mortality decline is drawn by exclusion. The evidence supporting this remaining possibility was judged much less severely than that concerning the explanations that had been rejected before. Furthermore, such a conclusion drawn by exclusion will be valid only if all possible alternatives have been considered. That is not quite the case: sanitary reform may have been more
McKeown's argument against a substantial contribution of sanitary reform was twofold. He thought it was unlikely that sanitary reform had contributed to a decline in mortality from airborne diseases, and the decline in mortality from food-and waterborne diseases started before hygienic measures had been implemented on a large scale. Both reasonings can be criticized. Safe drinking water supplies and sewage disposal systems were not the only hygienic measures that were implemented by the sanitary reformers. Improvements in working and housing conditions were other important parts of their program. It is not difficult to see that better ventilation of working places and less crowded houses can have contributed to the decline in mortality from airborne diseases [ 161. With regard to the second reasoning it can be argued that McKeown's emphasis on the starting point of the decline of mortality from food-and waterborne diseases distracted from the fact that the largest part of the decline in mortality from these conditions occurred in the period between ca. 1900 and ca. 1930 (Table 3) . That is precisely the period in which the benefits of safe drinking water supplies and sewage disposal systems are to be expected [17-201. Of course, the credit for these reforms mainly belongs to the public health sector. But many of these sanitary reformers were actually medical doctors, both in The Netherlands and in many other Western European countries. They applied medical knowledge, gained inside the medical care system, in their epidemiological studies and in their proposals for reform. It is as difficult to imagine these reforms without the medical knowledge contributed by these doctors, as it is to imagine them without the expertise and skills of engineers. One can therefore argue that a small part of the mortality decline that was caused by the sanitary reform measures, actually is an indirect effect of medical care on mortality.
Even if one rejects conscious action on the part of medical care or the public health system as a main factor in the decline of mortality, it is not evident that the only autonomous changes were those directly flowing from the rise in living standards. Obviously, the rise in living standards in its turn needs an explanation.
How could countries in Western Europe suddenly escape from the old economic order, and start an unprecedented rise in economic output? A discussion of this topic is outside the scope of this article, but one plausible explanation is that cultural changes, in the broadest sense of the word, preceded the changes in economic activity [21] . In The Netherlands around 1850 a change in mentality occurred that affected many sectors of society: the educational system started its expansion, all kinds of societies promoting the public good were founded, and investments in new economic enterprises were also made [22] . These cultural changes may act as a confounder of the association that is ohserved between living standards and decline in mortality.
Two important changes in determinants of mortality that are clearly related to these cultural changes are improvements in personal care, particularly personal hygiene, and the application of birth control. Improvements in personal hygiene may have contrihuted to the decline in mortality from many infectious diseases, such as typhus [23] and water-and foodhorne diseases. Birth control will have contributed to an improvement of the health status of mothers, and also to an improvement of the health of children 1241. Were these cultural changes completely external factors from the point of view of medical care? No, not entirely. Many private societies propagated modern behavior among the population. This propaganda was also part of the work of the welfare clinics for infants and toddlers, which were founded after the turn of the century. Again, medical doctors have played an outstanding role in these activities. They wrote treatises on infant care and on personal hygiene, and their medical expertise was diffused in this way thoughout the population [18, 25] .
THE CONTEMPORANEOUS EFFECTS OF MEDICAL CARE ON MORTALITY
The third line of criticism deals with McKeown's statement that the historical evidence suggests that today's health problems are also more likely to he controlled hy changing the environment than by improvmg medical care. However, from the fact that environmental change has made a larger contribution to mortality decline than medical interventions in a certain historical period, it does not necessarily follow that environmental changes are more effective means of intervention under current circumstances too (261. In fact, a universal comparison of the effectiveness of environmental change and medical care IS not possible with McKeown's historical data. "Environmental measures were tested when mortality was high, antibiotics when the mortality was low; environmental measures were tested alone, antibiotics against the hackground of environmental change. English archers at Agincourt did better than English riflemen on the Somme, and it does not follow that archers have greater military potential" [27] .
One could further argue that the comparison hetween the changes induced by the introduction of antibiotics and other modern forms of medical care, and the changes that occurred in a very long period of time before that, does injustice to the advances of medical care. For contemporary patients only contemporary effects count, and it may therefore he more appropriate to compare the mortality effects of medical care with those of other influences operating in the same recent period [28] .
The hasis for such a comparison can be found in a number of publications in which mortality from conditions that have become amenahle to medical intervention is analyzed. These publications, which have dealt with the experience in many different countries, employ Rutstein'a lists of "unnecessary untimely mortality"Pselections of conditions in which death can he avoided hy adequate preventive or therapeutic intervention [29] . Most of these conditions h avc become amenable to medical intervention only in the last 40 years. Rapid declines in mortality from the amenable causes were ohserved in all countries that have heen studied [30] . This is illustrated by Table 5 , which provide5 estimates of the effects of these mortality declines on average life expectancy at birth in The Netherlands.
Owing to these declines in mortality, life expectancy at hirth increased hy almost 3 years for men, and by almost 4 years for women. The difference hetween men and women can almost entirely he explained hy the greater importance of hypertensive and cerehrovascular disease among women. Of course, it is too Where does this leave us with regard to McKeown's two main conclusions and the gap between the two conventional wisdoms (one popular, one scientific) on the effectiveness of medical care? First of all, it is important to emphasize the limitations of the analyses reviewed in this article. As so many other papers before, including those of McKeown, only the effects of medical care on mortality were considered. Owing to an almost complete lack of data on time trends in morbidity, the effects of medical care on morhidity are even more uncertain that those on mortality. Second, although the evidence on mortality is much less sparse, it is still far from dense. Patterns of mortality decline have been described in detail for several countries, but estimates of the contribution of medical care to mortality decline are largely based on informed guesses. This also applies to the contribution of other factors, such as hygienic measures and rising living standards-actually, there is even less firm evidence on these competing factors, so that a valid comparison with the effects of medical care is difficult.
'Dtseases of the thyroid, diabetes mellitus (~25 years), pernicious anemia, other anetmas, congenital digestive anomalies, congenital cardiovascular anomalres, rheumatic heart disease, nephritis and nephrosis, cancer of lip and skin, cancer of kidney (~15 years), morhus Hodgkin, cancer of testis, leukemia (< I5 years), cancer of cervix uteri.
Sun of the ahove. Given these uncertainties it is perhaps wise to refrain from any far-reaching conclusions. The role of medicine may not have been, or now be, as modest as McKeown liked us to believe, and it is not clear at all that the conviction among many scientists on the relative inferiority of medical care as a determinant of mortality change has more scientific hacking than the popular wisdom of the role of medicine reflected in church windows.
